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7RPHDVXUH WKHGDPSLQJSHUIRUPDQFHRI9(0 WKHFRQVWUDLQHG OD\HUGDPSLQJ WUHDWPHQW LVXVHG &RQVWUDLQHG
OD\HUWUHDWPHQWVDUHVXUIDFH WUHDWPHQWVZKHUHWKHGDPSLQJPDWHULDOLVVDQGZLFKHGEHWZHHQWKHEDVHVWUXFWXUHDQGD
FRQVWUDLQLQJOD\HU 'DYLG,*-RQHV  'XHWRH[FHVVLYHGLIIHUHQFHEHWZHHQWKHPRGXOLRI9(0EDVHVWUXFWXUH
DQG WKH FRQVWUDLQLQJ OD\HU 9(0 LV IRUFHG WR GHIRUP LQ VKHDU GXULQJ IOH[XUDO YLEUDWLRQ DQG EHQGLQJ RI EHDP
7KHUHIRUHDFRQVLGHUDEOHDPRXQWRIHQHUJ\LVGLVVLSDWHGWKURXJKVKHDU GHIRUPDWLRQ
,QSUDFWLFHWRUHGXFHWKHYLEUDWLRQRI D VWUXFWXUH TXLWHRIWHQ SDVVLYH&/'WUHDWPHQW ZLWK 9(0LVXVHG7KHVH
WUHDWPHQWVGXHWRWKHLUDGYDQWDJHVDQGKLJKHIILFLHQF\DUHZLGHO\XVHGLQWKHDHURQDXWLFDODQGDHURVSDFHLQGXVWU\
DVVXPLQJDQRXWVWDQGLQJSRVLWLRQDPRQJWKHDYDLODEOHSDVVLYHGDPSLQJWUHDWPHQWVDSSOLHGRQOLJKWDQGODUJHDLUFUDIW
DQGVSDFHFUDIWVWUXFWXUHV6XQ &7 HWDO 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HQHUJ\LQWRKHDWZKHQWKH\DUHGHIRUPHG9LVFRHODVWLFPDWHULDOVDUHJHQHUDOO\SRO\PHUVZKLFKDOORZDZLGHUDQJH
RIGLIIHUHQWFRPSRVLWLRQVUHVXOWLQJLQGLIIHUHQWPDWHULDOSURSHUWLHVDQGEHKDYLRXU
7KXV YLVFRHODVWLFGDPSLQJPDWHULDOVFDQEHGHYHORSHGDQG WDLORUHGIDLUO\HIILFLHQWO\IRUDVSHFLILFDSSOLFDWLRQ
%\ SURSHU WDLORULQJ SRO\PHULF PDWHULDOV FDQ EH PDQXIDFWXUHG WR SRVVHVV D ZLGH YDULHW\ RI GDPSLQJ VWUHQJWK
GXUDELOLW\FUHHSUHVLVWDQWWKHUPDOVWDELOLW\DQGRWKHUGHVLUDEOHSURSHUWLHVRYHUVHOHFWHGWHPSHUDWXUHDQGIUHTXHQF\
UDQJH7KHSURSHUWLHVRIWKHYLVFRHODVWLFPDWHULDOVDUHGHSHQGHQWRQWKHIUHTXHQF\RIRSHUDWLRQDQGWKHWHPSHUDWXUH
RI WKH VXUURXQGLQJ HQYLURQPHQWV )HUU\ HW DO $NORQLV HW DO ,Q WKH SDVW PDQ\ VFLHQWLVWV ZHUH
LQYHVWLJDWLQJWKHSURSHUWLHVDQGPHFKDQLFDO EHKDYLRURISRO\PHULFPDWHULDOV 5RVVDQG .HUZLQ  ZHUHDPRQJ
WKHILUVWWRIRUPXODWHDQDQDO\WLFDOPHWKRGRIWKUHHOD\HUHGGDPSLQJWUHDWPHQWV
)RUDYLVFRHODVWLFPDWHULDOWKHPRGXOXVLVUHSUHVHQWHGE\DFRPSOH[TXDQWLW\ 7KLVFRPSOH[PRGXOXVUHYHDOVWKH
PDWHULDO¶VVWLIIQHVVDQGGDPSLQJSURSHUWLHVDVD IXQFWLRQRIWHPSHUDWXUHDQGIUHTXHQF\ 7KHUHDOSDUWRIWKLVFRPSOH[
WHUP( UHODWHVWRWKHHODVWLFEHKDYLRURIWKHPDWHULDODQGGHILQHVWKH VWLIIQHVV7KHLPDJLQDU\FRPSRQHQW( UHODWHV
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WRWKHPDWHULDO¶VYLVFRXVEHKDYLRUDQGGHILQHVWKHHQHUJ\GLVVLSDWLYHDELOLW\RIWKH PDWHULDO 8VLQJ+RRNH¶V/DZWR
GHILQHWKHPRGXOXVIRUFRPSOH[YDOXHVZHFDQGHILQHWKHFRPSOH[PRGXOXV(DV
( ( ( L ( L Ș  
:KHUH Ș  (  (  ORVVIDFWRU7KHORVVIDFWRUȘLVDPHDVXUHRIWKH HQHUJ\GLVVLSDWLRQFDSDFLW\RIWKHPDWHULDO
7KH ORVV IDFWRU GHWHUPLQHV KRZ PXFK HQHUJ\ LV GLVVLSDWHG 9LVFRHODVWLF PDWHULDOV 9(0V DUH ZLGHO\ XVHG IRU
SDVVLYHGDPSLQJLQDYDULHW\RIDSSOLFDWLRQV
 &RQVWUDLQHG OD\HUGDPSLQJWUHDWPHQW
&RQVWUDLQHG OD\HUWUHDWPHQWVDUHVXUIDFHWUHDWPHQWVZKHUHWKHGDPSLQJPDWHULDOLVVDQGZLFKHGEHWZHHQWKHEDVH
VWUXFWXUHDQGDFRQVWUDLQLQJOD\HU :KHQWKHEDVHVWUXFWXUHXQGHUJRHVEHQGLQJYLEUDWLRQWKHYLVFRHODVWLF PDWHULDOLV
IRUFHGWRGHIRUPLQVKHDUEHFDXVHRIWKH XSSHUVWLIIOD\HU7KHFRQVWUDLQHG OD\HUGDPSLQJLVPRUHHIIHFWLYHWKDQWKH
IUHHOD\HUGDPSLQJ VLQFHPRUHHQHUJ\LV FRQVXPHGDQGGLVVLSDWHGLQWRKHDWLQWKHZRUNGRQHE\WKHVKHDULQJPRGH
LQ WKH YLVFRHODVWLF OD\HU 3&/'WUHDWPHQWKDVEHHQUHJDUGHGDVDQHIIHFWLYHZD\ WRVXSSUHVVYLEUDWLRQVDQGVRXQG
UDGLDWLRQIURPYDULRXVVWUXFWXUHVPDGHRIFRQYHQWLRQDOPDWHULDOVVXFKDVVWHHOWKDWFRQWDLQOLWWOH GDPSLQJ
7KHSHUIRUPDQFHRIWKHFRQVWUDLQHGOD\HUGDPSLQJWUHDWPHQWGHSHQGVWRDODUJHH[WHQWRQWKHJHRPHWU\DQGWKH
W\SH RIFRQVWUDLQLQJ OD\HU7KHPD[LPXPDPRXQWRIVKHDUVWUDLQLVXVXDOO\DFFRPSOLVKHGZKHQHYHU WKHFRQVWUDLQLQJ
OD\HULVRIWKHVDPHW\SHDQGJHRPHWU\DVWKDWRIWKHVWUXFWXUHWREHGDPSHG 1DVKLI $' 
 7HVW EHDP
 2EHUVWEHDP
7KH 2EHUVWEHDPDQDO\VLVPDNHVXVHRIDFDQWLOHYHUEHDPFRQILJXUDWLRQ$OXPLQXPLVWKHW\SLFDOPDWHULDO IRUWKH
EDVHEHDPEHFDXVHLWFDQEHHDVLO\PDFKLQHGDFFRUGLQJWRWHVWUHTXLUHPHQWV$OXPLQXPKDVDYHU\ORZORVVIDFWRU
DQGLWVVWRUDJHPRGXOXVLVIDLUO\FRQVWDQWRYHUWKHIUHTXHQF\UDQJHRIPRVWLQWHUHVWIRUYLEUDWLRQFRQWURO±
+]7KHUHIRUH WKH FRPSOH[PRGXOXV RI DOXPLQXP FDQ EH FRQVLGHUHG DV D FRQVWDQW DQG WKLV VLPSOLILHV WKH OD\HU
SURSHUW\H[WUDFWLRQ SURFHVV $OHVVDQGUR HWDO  0 0DUWLQH] $JLUUH HWDO  7KH EDVLFPRGHORIEDUH2EHUVW
EHDPLVDVVKRZQLQ )LJ
)LJ %DUH2EHUVWEHDP
 &/' %HDP
7RGHWHUPLQHWKHGDPSLQJSHUIRUPDQFHRI9(0FRQVWUDLQHGOD\HUGDPSHGEHDPLV FRQVLGHUHG 7KHEDVLF PRGHO
RI&/' EHDPLV FRQVLVWRIERWWRPEDVHEHDPXSSHUOD\HULVFRQVWUDLQLQJOD\HUDQGWKHVDQGZLFK OD\HULV FRQVWUDLQHG
OD\HUPDGHXS RI 9(0 DVVKRZQLQ)LJ
/ /
)LJ  6DQGZLFK &/'EHDP
&RQVWUDLQLQJ/D\HU
9(0 /D\HU
%DVHEHDP
5RRW
6SDFHU
729 Pravin P. Hujare and Anil D. Sahasrabudhe /  Procedia Materials Science  5 ( 2014 )  726 – 733 
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6DQGZLFK VSHFLPHQ LV XVHG IRU GHWHUPLQLQJ WKH GDPSLQJ SURSHUWLHV RI 9(0 WKDW ZLOO EH VXEMHFWHG WR VKHDU
GHIRUPDWLRQ LQ WKHLU DSSOLFDWLRQ 7KH V\PPHWULF VDQGZLFK EHDP WHFKQLTXH XVXDOO\ LV XVHG IRU VRIW YLVFRHODVWLF
PDWHULDOVZLWKOHVVVKHDUPRGXOXV 'DYLG,*-RQHV ,QV\PPHWULFDOVDQGZLFKEHDPWKHURRWVHFWLRQVKDYHD
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7KHH[SHULPHQWDOWHFKQLTXHVIRUGHWHUPLQLQJWKHG\QDPLFSURSHUWLHVRIYLVFRHODVWLFPDWHULDOVDUHUHYLHZHG LQ
1DVKLI$' 'DYLG,* -RQHV  6XQ &7HWDO  7KHFRPPRQ PHWKRGVXVHGWRPHDVXUHGDPSLQJDUH
WKHIUHHYLEUDWLRQ GHFD\ PHWKRGWKHUHVRQDQWGZHOOPHWKRGWKHK\VWHUHVLVORRSPHWKRGDQGWKH IUHTXHQF\UHVSRQVH
WHFKQLTXH
7KHPRVW VXLWDEOH WHFKQLTXHV IRU FKDUDFWHUL]LQJ WKHPDWHULDO SURSHUWLHV RI &/' FRQILJXUDWLRQ LQ WKHPHGLXP
IUHTXHQF\UDQJHIURP+]XSWRVHYHUDON+] LV WKH IUHTXHQF\UHVSRQVH WHFKQLTXH 7KLV WHFKQLTXHRIIHUVSRWHQWLDO
IRU UDSLG QRQGHVWUXFWLYH HYDOXDWLRQ RI PDWHULDOV DQG VWUXFWXUHV ,Q WKLV WHFKQLTXH WKH VSHFLPHQ LV H[FLWHG
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LPSXOVLYHO\ZLWKDFRQWUROOHG LPSDFWKDPPHUZLWKDIRUFHWUDQVGXFHUDWWDFKHGWRLWVKHDG 7KHVSHFLPHQUHVSRQVHLV
VHQVHGE\DQDFFHOHURPHWHU7KHVLJQDOVIURPWKHIRUFHWUDQVGXFHUDQGWKH DFFHOHURPHWHU DUHVHQWWRD)DVW)RXULHU
7UDQVIRUP))7DQDO\VHUZKLFKGLVSOD\V WKHIUHTXHQF\UHVSRQVHVSHFWUXP
,Q WKLV ZRUN H[SHULPHQWDO WHVWV EDVHG RQ µµ$670 6WDQGDUG 7HVW0HWKRG IRU0HDVXULQJ9LEUDWLRQ'DPSLQJ
3URSHUWLHV RI 0DWHULDOV¶¶ ZHUH GHYHORSHG LQ RUGHU WR GHWHUPLQH GDPSLQJ IDFWRU 7KH H[SHULPHQWDO SURJUDP
FRQVLGHUHG EHDPVRIGLIIHUHQWYLVFRHODVWLFPDWHULDOVDVPHQWLRQHGLQ7DEOH 7KHW\SHVRIVSHFLPHQXVHGLQWKH
YLEUDWLQJEHDPWHVWVDUHLOOXVWUDWHGLQ )LJ DDQGE
7KHVLPSOHV\PPHWULFDOVDQGZLFKEHDPLVFRPSRVHGDVSHU$670VWDQGDUG(,WFRQVLVWVRIWZROD\HUV
RIDOXPLQXPDQGWKHYLVFRHODVWLFPDWHULDO LQWKHFRUHFRPSRVHGRID 0 /6( +LJK6WUHQJWK$FU\OLFGRXEOH
IDFH $GKHVLYH 7KH VWRUDJH VKHDU PRGXOXV * DQG ORVV IDFWRU Ș RI YLVFRHODVWLF PDWHULDO DUH DOVR WHPSHUDWXUH
GHSHQGHQW+RZHYHUWKDWLVQRWJRLQJWREHFRQVLGHUHGKHUHVLQFHLQPRVWG\QDPLFDQDO\VLVFRQVWDQWWHPSHUDWXUH
FRXOG EHDVVXPHG 0LQ+DRHWDO 
([SHULPHQWDOVHWXS
7KH H[SHULPHQWDOVHWXSXVHGIRUWKHYLEUDWLRQRIWKH FDQWLOHYHUVDQGZLFKEHDPV LV VKRZQ LQ )LJ  7KH EHDP
WHVW VFKHPHFRQVLVWVRI&/'EHDPFODPSHGULJLGO\LQDIL[WXUHWRVLPXODWHFDQWLOHYHUEHDP FRQGLWLRQ)5LFFL HWDO
 7KH WHVW &/' EHDPFRQVLVWVRIDOD\HURIWKHVRIW 9(0OD\HU ZKRVHSURSHUWLHVDUHRILQWHUHVW
7KH H[SHULPHQWDWLRQ ZDV SHUIRUPHG RQ VHYHQ VHWV RI VDQGZLFK WHVW &/' EHDPV RI GLIIHUHQW YLVFRHODVWLF
PDWHULDOV E\ XVLQJ SDVVLYH GDPSLQJ WHFKQLTXH 7KH G\QDPLF UHVSRQVHV RI WKH EHDPVZHUH REWDLQHG E\PHDQV RI
DFFHOHURPHWHU¶VPHDVXUHPHQWVGXULQJ DIUHHYLEUDWLRQWHVW SHUIRUPHGE\HPSOR\LQJLQVWDQWDQHRXVKDPPHULPSDFWDV
H[FLWDWLRQ -(&UHVSR HW DO  -0 %HUWKHORW HW DO 7KHPDLQ IHDWXUHVRI WKH HTXLSPHQW DQG WKHGDWD
DFTXLVLWLRQ V\VWHP DUH DFFHOHURPHWHUPRGHO XQLD[LDO W\SH %	.PDNH ,PSDFW+DPPHU %	.
PDNHDQG ))7DQDO\VHU FKDQQHO%	.3KRWRQ$OOLQRQH7KHUHVXOWRIEHDP)5)UHVSRQVHDUHVKRZQLQ )LJ
XVLQJ 573URVRIWZDUH %	. VRIWZDUH +HOS 
%\ DQDO\]LQJWKHUHVRQDQWSHDNIRUDSDUWLFXODUPRGHWKHORVVIDFWRUDPHDVXUHRI GDPSLQJLV REWDLQHGIURP
WKHUHDOSDUW RI WKH UHVSRQVHVSHFWUXPDV VKRZQ LQ )LJ  7KHVHFXUYHVDUHSUHVHQWHGXVLQJ0DWODE VRIWZDUH 0DWK
:RUNVVRIWZDUH +HOS
)LJ D2EHUVW XQGDPSHG EHDP E 6\PPHWULFVDQGZLFK&/'EHDP
)LJ ([SHULPHQWDO VHWXS )LJ )UHTXHQF\UHVSRQVHIXQFWLRQ)5)RXWSXWE\ ))7DQDO\VHU
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 +DOISRZHUEDQGZLGWKPHWKRG
7RHVWLPDWHGDPSLQJ IDFWRU IURPIUHTXHQF\GRPDLQKDOISRZHUEDQGZLGWKPHWKRGLVXVHG,QWKLVPHWKRG)5)
DPSOLWXGHRIWKHV\VWHPLVREWDLQHGILUVW&RUUHVSRQGLQJWRHDFKQDWXUDOIUHTXHQF\WKHUHLVDSHDNLQ)5)DPSOLWXGH
G%GRZQIURPWKHSHDNWKHUHDUHWZR SRLQWV FRUUHVSRQGLQJWRKDOISRZHU SRLQW (ZLQV' 
6WUXFWXUDO ORVV IDFWRU GDPSLQJ ȘLV HTXDO WR WZLFH WKHYLVFRXVGDPSLQJ IDFWRU ȗ  LQ WKH FDVHRI KDUPRQLF
H[FLWDWLRQ $OODQ*3LHUVRO HW DO  $ TXDQWLWDWLYHPHDVXUH RI GDPSLQJ LV DFKLHYHG E\ XVLQJ WKH KDOISRZHU
EDQGZLGWKPHWKRGVKRZQ JUDSKLFDOO\LQ)LJ  DQGJLYHQE\WKHIROORZLQJ HTXDWLRQ
 Ș 'ZZR ȗ

7KHPDWHULDOGDPSLQJ ȘFDQEHGHWHUPLQHGE\WKHUDWLRRI 'Z WR ZR ZLWK 'ZGHWHUPLQHGIURPWKHKDOI SRZHU
SRLQWGRZQIURP WKHUHVRQDQWSHDNYDOXH ;PD[ 2QDGHFLEHOVFDOHWKLVFRUUHVSRQGVWR ± G% GRZQIURPWKHSHDN
YDOXH)RUWKDWUHDVRQWKLVGDPSLQJHVWLPDWLRQLVDOVR UHIHUUHGWRDVWKHG%PHWKRG 3DXO0DFLRFH 
7KXV E\ GHWHUPLQLQJ WKH WZR IUHTXHQFLHV ZDQG ZDW ZKLFK WKH UHVSRQVH LV ¥ RI WKH YDOXH DW WKH
UHVRQDQFHIUHTXHQF\ ZR WKH GDPSLQJ UDWLRȗ FDQTXLFNO\ EHGHWHUPLQHGXVLQJ(TXDWLRQ7KH DPSOLWXGHUDWLRRI
¥ FRUUHVSRQGV WR UHGXFWLRQ RI DPSOLWXGH PHDVXUHG LQ GHFLEHOV RI  ORJ   ¥     G% 7KXV D
PHDVXUHPHQWDVVRFLDWHG ZLWKDQDPSOLWXGHUDWLRRI¥ LVIUHTXHQWO\UHIHUUHGWRDG% EDQGZLGWK ,IWKHV\VWHP
KDVPDQ\ KLJKHU UHVRQDQFH IUHTXHQFLHV WKHQ WKH VDPH SURFHGXUH FDQ VWLOO EH XVHG E\PHDVXULQJ WKH KDOISRZHU
EDQGZLGWKRIHDFKUHVRQDQFHSHDNLQWKHFXUYH7KLVDSSURDFKFDQEH XVHGSURYLGHGWKDW ȗ LVQRWWRRODUJHDQGWKDW
WKHUHVRQDQFHSHDNVDUH IDLUO\VKDUSDQGFDQEHVHSDUDWHGLQWKHIUHTXHQF\ GRPDLQ
5HVXOWV DQGGLVFXVVLRQ
7KH H[SHULPHQWDO UHVXOWV LQ WHUPV RI WKH YLEUDWLRQ UHVSRQVH DPSOLWXGH DQG GDPSLQJ IDFWRU IRU VDQGZLFK&/'
EHDPVFRUUHVSRQGLQJWR PRGH DUHIRXQGE\KDOISRZHUEDQGZLGWKPHWKRGXVLQJDERYH)5)FXUYH
7KHUHVXOWVREWDLQHGE\ H[SHULPHQWDOPHWKRGDUHVKRZQLQ7DEOH
)LJ +DOISRZHUEDQGZLGWKPHWKRG
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7DEOH 'DPSLQJSHUIRUPDQFH
%HDP7\SH 1DWXUDO
IUHTXHQF\+]
9LEUDWLRQ UHVSRQVH
DPSOLWXGHG%
'DPSLQJ
IDFWRU ȗ 
8QGDPSHG%HDP   
3RO\HWK\OHQH 
3RO\0HWK\O0HWKDFU\ODWH 
3RO\SURS\OHQH 
6W\UHQHEXWDGLHQHUXEEHU 6%5 
1LWULOH 
%XW\O 












 8UHWKDQH   
&RQFOXVLRQV
7KH SHUIRUPDQFH RI GLIIHUHQW 9(0 RQ YLEUDWLRQ UHVSRQVH DPSOLWXGH LV SUHVHQWHG $ QHZ H[SHULPHQWDO
SURFHGXUH LV SUHVHQWHG IRU WKH HYDOXDWLRQ RI WKH GDPSLQJ SURSHUWLHV RI 9(0 RI EHDP 7KH SURSRVHG SURFHGXUH
DOORZVDQLQFUHDVHGIOH[LELOLW\RIWKHH[SHULPHQWDOVHWXS ZLWK UHVSHFWWRWKH2EHUVWEDVHGDSSURDFKLQGLFDWHGLQWKH
$670VWDQGDUG ( 
,W LVREVHUYHGWKDW WKHGDPSLQJIDFWRURIV\PPHWULFVDQGZLFK&/'EHDPZLWKDOO 9(0LV IRXQGWRLQFUHDVHDV
FRPSDUHG WRXQGDPSHGEHDP)URPFRPSDULVRQRIUHVXOWVLWLVREVHUYHGWKDWWKHYLEUDWLRQUHVSRQVHDPSOLWXGHG%
RI 1LWULOH 6%5 8UHWKDQH DQG %XW\O GHFUHDVHV PRUH DV FRPSDUHG WR 300$ 3RO\HWK\OHQH DQG 3RO\SURS\OHQH
+HQFHIRUUHGXFWLRQRIVWUXFWXUDOYLEUDWLRQ 1LWULOH6%58UHWKDQH DQG%XW\ODUHVXLWDEOHPDWHULDOV RYHU DQ RSHUDWLQJ
PHGLXPIUHTXHQF\ UDQJH
5HIHUHQFHV
1DVKLI$'*-RQHV ',+HQGHUVRQ-3 9LEUDWLRQGDPSLQJ 1HZ <RUN -RKQ:LOH\DQG6RQV
'DYLG,*-RQHV  +DQGERRNRI YLVFRHODVWLF YLEUDWLRQ GDPSLQJ:LOH\1HZ\RUN
6XQ&7/X<3 9LEUDWLRQGDPSLQJRIVWUXFWXUDO HOHPHQWV 1HZ-HUVH\3UHQWLFH+DOO
%&1DNUD 9LEUDWLRQFRQWUROLQPDFKLQHVDQGVWUXFWXUHVXVLQJYLVFRHODVWLFGDPSLQJ -RXUQDO RI6RXQGDQG9LEUDWLRQ  ±
)HUU\-RKQ' 9LVFRHODVWLF SURSHUWLHVRISRO\PHUV -RKQ:LOH\DQG6RQVUG (GLWLRQ
--$NORQLV:- 0DF.QLJKW ,QWURGXFWLRQWR SRO\PHUYLVFRHODVWLFLW\ -RKQ:LOH\DQG6RQV
(0 .HUZLQ 'DPSLQJRIIOH[XUDOZDYHVE\DFRQVWUDLQHGYLVFRHODVWLFOD\HU -RXUQDORIWKH$FRXVWLFDO6RFLHW\RI$PHULFD ±
$OHVVDQGUR)DVDQD/XLJL*DULEDOGL(UPDQQR*LRUFHOOL 1RWHVRQWKH2EHUVWEHDPWHVWWHFKQLTXH63,( 
0DQH[0DUWLQH]$JLUUH0-(OHMDEDUULHWD '\QDPLFFKDUDFWHUL]DWLRQRIKLJKGDPSLQJYLVFRHODVWLFPDWHULDOVIURPYLEUDWLRQWHVWGDWD
-RXUQDORI6RXQGDQG9LEUDWLRQ ±
$670(6WDQGDUG7HVW0HWKRGIRU0HDVXULQJ9LEUDWLRQ'DPSLQJ3URSHUWLHVRI0DWHULDOV
-RKQ)OLQW5HYLHZ RIWKHRULHVRQFRQVWUDLQHGOD\HUGDPSLQJDQG VRPHYHULILFDWLRQPHDVXUHPHQWVRQ VKLPPDWHULDO 6$( ,QWHUQDWLRQDO
0LQ +DR0RKDQ '5DR9LEUDWLRQDQG GDPSLQJDQDO\VLV RIDVDQGZLFKEHDPFRQWDLQLQJDYLVFRHODVWLFFRQVWUDLQLQJOD\HU -RXUQDO
RI&RPSRVLWH0DWHULDOV 
)5LFFL(0RQDFR73ROLWR)0DUXOR ,QIOXHQFH RIH[SHULPHQWDOWHVWLQJVHWXSDQGJHRPHWULFSDUDPHWHUVRQGDPSLQJ PHDVXUHPHQWV
6PDUW6WUXFWXUHVDQG0DWHULDOV 
-( &UHVSR-0*DGHD$91DGDO ,QYHVWLJDWLRQ RIGDPSLQJSURSHUWLHVXVLQJSURGXFWVFRPLQJIURP(/7(QGRI /LIH7LUHV
)DVFLFOHRI0DQDJHPHQWDQG7HFKQRORJLFDO(QJLQHHULQJ$QQDOV RIWKH 2UDGHD8QLYHUVLW\9ROXPH,;;,;
-HDQ0DULH%HUWKHORW0XVWDSKD$VVDUDU<RXVVHI6HIUDQL $EGHUUDKLP(O0DKL  'DPSLQJDQDO\VLVRI FRPSRVLWHPDWHULDOVDQG
VWUXFWXUHV &RPSRVLWH6WUXFWXUHV  ±
%	. 3KRWRQ))7573UR  VRIWZDUH +HOS
0$7/$%+HOS86$7KH 0DWK:RUNV,QF
(ZLQV ' 0RGDO7HVWLQJ7KHRU\DQG 3UDFWLFH -RKQ:LOH\	6RQV1HZ<RUN
$OODQ*3LHUVRO7KRPDV/3DH]  +DUUL¶V 6KRFNDQG9LEUDWLRQ+DQGERRN 0F*UDZ+LOO1HZ<RUN WK (GLWLRQ
3DXO0DFLRFH5RXVK,QGXVWULHV,QF/LYRQLD0LFKLJDQ 9LVFRHODVWLF'DPSLQJ $YDLODEOHIURP ZZZURXVKFRP
